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STUDIES IN THE BIOCHEMISTRY OF SULPHUR 
V. THE CYSTINE CONTENT OF PHASEOLIN 


Phaseolin is a globulin which, according to Osborne (1894), forms 
the major portion of the protein of the white bean, called navy or 
kidney bean (Phaseolus vulgaris). Since this bean is extensively 
used as a food, an insight into the chemical constitution and the bio- 
logical value of its protein is highly important from the viewpoint 
of nutrition and public health. 

Feeding experiments indicate that phaseolin is deficient in cystine, 
while chemical methods of analysis hitherto employed indicate a 
satisfactory cystine content. 

The early work of Osborne and Clapp (1907), for instance, indi- 
cated that phaseolin was well supplied with all the known essential 
amino acids. Cystine was not determined, but in previous work on 
the determination of loosely-bound sulphur—that is, sulphur readily 
converted to sulphide by heating with alkali—Osborne (1900) ob- 
tained results which indicated about 0.40 per cent cystine in 
phaseolin. 

A few years later, Osborne and Mendel (1911, 1912) found that 
when phaseolin was fed, together with protein-free milk, young rats 
lost weight, but regained this rapidly when the phaseolin was re- 
placed by edestin or by casein. Later they found that when the 
phaseolin had been cooked with water or dissolved in alkali and 
reprecipitated by acid, the young animals, while maintained for 
many weeks, gained very little in weight. 

McCollum, Simmonds, and Pitz (1917) confirmed the experience 
of Osborne and Mendel as to the inadequacy of the navy bean. 
They attributed the failure of the bean to promote growth to poor 
biological value, but mainly to the presence of hemicelluloses which, 
by their ready fermentation, mechanically injured the rat by disten- 
sion of the digestive tract. 

Later, Johns and Finks (1920) found that phaseolin as a sole 
protein would give normal growth of the rat if the phaseolin was 
cooked with water for five minutes and was then reinforced by 
cystine. 

In other work from the protein investigation laboratory, Bureau 
of Chemistry, it was found that the protein of several legume seeds 
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is nutritionally inadequate, but could be made adequate by cooking 
and reinforcing with cystine. 

Such were the findings of Finks and Johns (1921) for the 
lima bean and adsuki bean; of Finks, Jones, and Johns (1922) for 
the cowpea; and of Jones and Murphy (1924) for the lentil. 

The discovery that phaseolin needed the addition of cystine to 
bring about normal growth is interesting in view of the fact that 
various methods advocated for the determination of cystine in food- 
stuffs have indicated considerable cystine in phaseolin. Thus Os- 
borne (1900, 1902) showed that phaseolin contained 0.07 per cent 
loosely-bound sulphur; that is, sulphur converted to sulphide by 
heating with alkali. This amount of loosely-bound sulphur would 
be equivalent to 0.26 per cent cystine, uncorrected. Since cystine, 
similarly treated, yielded only two-thirds of the total sulphur as 
sulphide, Osborne’s results would indicate 0.40 per cent cystine in 
phaseolin if the sulphide sulphur is a measure of the amino acid. 
Again Finks and Johns (1920) analyzed phaseolin by the Van 
Slyke (1911) method and found that sulphur determinations in the 
basic amino-acid fraction indicated the presence of 0.84 per cent 
cystine, while Waterman, Johns, and Jones (1923), using the same 
method, reported 1.16 per cent cystine. Finally, Jones, Gersdorff, 
and Moeller (1924), employing the widely used Folin-Looney (1922) 
cystine method, found the cystine content of phaseolin to be 0.58 
per cent, as compared with 0.26 per cent for casein which gives sat- 
isfactory growth where phaseolin fails. 

The conflict between the results of chemical analysis and the 
feeding experiments seemed to us to have a priori a possible explana- 
tion in the need of added cystine to overcome the injurious effect 
of a toxalbumin or some product resulting from the metabolism of 
phaseolin or to offset some actions of phasins found by Wienhaus 
(1909) to be present in Phaseolus vulgaris and to have the property 
of agglutinating suspensions of red blood corpuscles. 

The possibility existed that phaseolin would be found to contain 
cystine and that the explanation of the need of adding cystine to 
phaseolin as the sole protein of the diet to obtain normal growth 
was due to still unexplained factors. Accordingly, phaseolin was 
obtained from Dr. D. B. Jones of the protein and nutrition divi- 
sion, Bureau of Chemistry and Soils, United States Department of 
Agriculture, in order to determine the cystine content by means of 
the highly specific cysteine reaction modified to include cystine (Sul- 
livan 1926), following the procedure found satisfactory for casein 
(Sullivan 1927), and recently (1929) described in detail. The 
application to phaseolin is given in the following pages. 
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Procedure for hydrolysis —Duplicate samples of phaseolin, 5 
grams each, were hydrolyzed seven hours with 15 cubic centimeters 
of 20 per cent hydrochloric acid (density 1.096 at 20° C.) first for 
30 minutes in boiling water and then for 614 hours on a hot plate, 
under reflux. As a check, five grams of casein were similarly 
treated. The dark hydrolysates were diluted with equal volume of 
water and were then filtered. The phaseolin gave considerable 
humin, the casein only a little. The dark solutions were treated with 
two grams of norite; the mixture was brought to boiling, cooled, 
and again filtered. The respective batches of norite were washed 
with 20 cubic centimeters of hot N hydrochloric acid and 15 cubic 
centimeters cold N hydrochloric acid, and the washings were added 
to the proper filtrate. The filtrates were then treated dropwise with 
25 per cent sodium hydroxide until the reaction was greenish to 
bromphenol blue, i. e., about pH 3.5. Dilution to 100 cubic centi- 
meters was then made with 0.1 N hydrochloric acid. 

Colorimetric estimation of cystine—The procedure used for the 
colorimetric estimation of cystine was as follows: To 5c. c. of each 
hydrolysate add (a) 2c. c. of 5 per cent sodium cyanide; mix, and 
wait 10 minutes. Then add (0d) 1c. c. of a 0.5 per cent solution of 
1.2 naphthoquinone in water; mix, add (c) 5c. c. of a 10 per cent 
solution of anhydrous sodium sulphite in 0.5 N sodium hydroxide; 
mix, and wait 30 minutes. Then add (d) 1 or 2c. ¢c. of 25 per cent 
sodium hydroxide’ followed by (e) 1c. c. of a 2 per cent solution 
of sodium hyposulphite (Na.S.O0,) in 0.5 N sodium hydroxide. 
As standard, 5 c. c. of a 100 or 200 parts per million solution of 
cystine in 0.1 N hydrochloric acid was employed. 

The cystine standard and the casein hydrolysate gave character- 
istic reddish solutions, while the phaseolin hydrolysate was light 
yellow, indicative of little if any cystine. The cystine content of 
casein matched against the unheated cystine standard was found 
to be 0.27 per cent.2 A cystine standard containing 25 parts per 
million cystine, put through the colorimetric procedure, gave a slight 
red color, while the phaseolin hydrolysate was pale yellow, indica- 
tive of little if any cystine in the phaseolin hydrolysate. 

When 5 c. c. of a 400 parts per million cystine solution were diluted 
with 5c. c. of the phaseolin hydrolysate, and 5 c. c. of this diluted 
solution were used in the cystine test, neither an increase nor a de- 
crease in the color of the cystine reaction was obtained over a 400 


1 With hydrolysate of protein step (d@) is generally necessary to bring the reaction to 
the requisite degree of alkalinity, - 

2For comparative purposes the use of a nonheated, nonnorited cystine standard is 
permissible here, The true standard, however, is cystine put through the same procedure 
of heating with acid, treatment with norite, etc., that the protein goes through. 
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parts per million cystine solution, diluted to 200 parts per million by 
0.1 N hydrochloric acid. 

This experiment shows that the phaseolin hydrolysate contains 
little if any cystine, and that there is nothing in the hydrolysate 
which interferes with the estimation of cystine. 

Repetition of the experiment on other batches of phaseolin, with 
both 6 hours’ and 12 hours’ hydrolysis, gave the same result—little if 
any cystine in the hydrolysate—while casein similarly hydrolyzed 
and matched against an unheated nonnorited standard gave 0.26 
to 0.30 per cent cystine. 

When the Folin-Looney (1922) method of estimating cystine was 
employed on the phaseolin hydrolysates, results were obtained which 
indicated that phaseolin contained about 0.25 per cent cystine. Since, 
in our hands, this method has given a blue color with various di- 
sulphides and even with 1 per cent solutions of pyruvic acid and 
furfural, all of which are negative in our reaction, it would seem 
that the positive reaction with the Folin-Looney procedure in the 
case of the phaseolin hydrolysate is due to noncystine complexes. 

Cystine in phaseolin—Okuda’s method—The Okuda iodometric 
method (1925) has given satisfaction in our hands and is used as a 
check on our own determinations. One gram of phaseolin + 5 c. c. 
of 20 per cent hydrochloric acid was heated in an oil bath for six 
hours at 125° C. Three c. c. of water were then added and 0.4 gram 
of norite. The mixture, brought to gentle boiling, was filtered. 
The norite was washed with 5 c. c. of hot N hydrochloric acid. The 
combined filtrate was neutralized to about pH 3.5 with 5 N sodium 
hydroxide and the solution made to 25 c. c. with 0.1 N hydrochloric 
acid. 

With the Sullivan reaction this solution was yellow, indicative of 
little if any cystine. The Folin-Looney procedure indicated 0.34 
per cent cystine in phaseolin. The Okuda method showed 0.09 per 
cent cystine. 

Since, as we have found, the Okuda method reacts to other sulphur 
compounds than cystine, the finding of less than 0.1 per cent cystine 
in phaseolin tends to indicate that the results with the Sullivan 
method are rather near the truth—little if any cystine in phaseolin. 

Hydrolysis with inhibition of humin formation.—In the hydrolysis 
of the phaseolin, considerable acid insoluble humin was formed. To 
test out the possibility that the insoluble humin or the decolorizing 
agent might have absorbed the cystine, the phaseolin was hydrolyzed 
under conditions which give little if any humin. Thus, 5-gram 
samples of phaseolin were hydrolyzed six hours with 20 ¢. c. of acid 
in the presence of 4 grams of stannous chloride, a procedure which 
Hlasiwetz and Habermann (1873) showed gave little if any black 
humin when a protein Tike casein is hydrolyzed by acid. No black 
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precipitate occurred. The slightly red solution was diluted to 200 
¢. c. and freed from tin by means of hydrogen sulphide. The tin- 
free filtrate was concentrated under reduced pressure to 30 c. c. and 
brought to about pH 3.5 with 5 N sodium hydroxide, added dropwise 
with stirring. The solution was then diluted to 100 c. c. with 0.1 N 
hydrochloric acid. The reaction for cystine was practically negative. 
Using the Folin-Looney procedure on the same hydrolysate of phase- 
olin, however, the indications were that phaseolin contained about 
0.30 per cent cystine. 

Since the use of tin to stop humin formation has the disadvantage 
that the solution freed from tin has to be concentrated to a small 
volume by evaporation under reduced pressure, the hydrolysis with- 
out humin formation was repeated with titanous chloride (TiCl,), 
which can be precipitated out by careful neutralization with sodium 
hydroxide. The procedure with the titanium was as follows: 'To 1 
gram of phaseolin were added 10 c. ¢. of 20 per cent hydrochloric 
acid and 1 c. c. of the titanous chloride (20 per cent solution). The 
mixture was placed in boiling water for 15 minutes and then was 
hydrolyzed under reflux for 12 hours on a hot plate. The mixture 
washed out of the hydrolysation flask with a little water was treated 
dropwise with 5 N sodium hydroxide, with stirring, until a blue 
precipitate formed. The precipitate was washed with a little water. 
The filtrate was slight blue to thymol blue, but two drops of con- 
centrated hydrochloric acid brought it to about pH 3.5, greenish to 
bromphenol blue. The total volume was 37 ec. ¢. 

Tested colorimetrically against a 100 part per million cystine 
standard in 0.1 N hydrochloric acid, the phaseolin gave a yellow 
color indicative of little if any cystine in phaseolin hydrolyzed with 
little if any humin formation. 

Other evidence of the lack of cystine in phaseolin—For over five 
years, in cystine work in this laboratory, use has been made of two 
reactions as corroborative tests for cystine. These reactions are the 
nitroprusside reaction in the presence of a little sodium cyanide, and 
the lead sulphide test for loosely bound sulphur. <A positive reac- 
tion with these reagents is merely suggestive of the presence of 
cystine or cystine complexes. The lead-sulphide test is given by 
other compounds than cystine complexes and the nitroprusside reac- 
tion in the presence of cyanide is not only given by a number of 
sulphur compounds but is given more or less by some nonsulphur 
compounds. When negative, however, both tests tend to indicate 
that little if any free cystine or normal cystine complex is present. 
Most proteins and hydrolysates thereof give these reactions readily. 

When the casein and the phaseolin hydrolysates were tested with 
nitroprusside in the presence of sodium cyanide, the casein hydro- 
lysate gave an amethyst color, such as would be given by cystine if 
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present, while the phaseolin hydrolysate was yellow, that is, nega- 
tive. The procedure employed was as follows: To 5 c. c. of solu- 
tion was added 1 c. ¢. saturated ammonium sulphate, 0.3 c. c. of 2 
per cent sodium nitroprusside, 0.4 c. c. 28 per cent ammonium 
hydroxide, and then 0.3 c. c. 5 per cent sodium cyanide. Shake 
and wait for five minutes. 

A further test was made on the solid substances as follows: 

(A) Casein 100 mg. + 2c.c. 5 per cent NaCN + 0. 3c. ¢. 2 per 
cent sodium nitroprusside. 

(B) Phaseolin 500 mg. + 2c. c¢. 5 per cent NaCN + 0.3 ¢. ¢. 
2 per cent sodium nitroprusside. 

(A) Became an amethyst color such as would be given if cystine 
or cystine peptides were present. 

(B) Was slightly yellow which indicates the presence of little if 
any cystine compounds. 

Both the phaseolin hydrolysate and solid phaseolin gave only a 
faint lead sulphide reaction when treated with lead acetate and 5 N 
sodium hydroxide and boiled for 20 minutes, while casein gave a 
strong lead sulphide reaction in 5 minutes’ heating. 

The sample of phaseolin tested was isolated in the protein investi- 
gation laboratory some seven or eight years ago by Waterman, Johns, 
and Jones (1923), who considered it a uniform and highly purified 
sample. By means of the Van Slyke cystine procedure Waterman, 
Johns, and Jones found 1.16 per cent cystine in phaseolin. The indi- 
cations from our work on the same sample, however, are that phase- 
olin contains no cystine or so little that it is lost in the procedure of 
hydrolysis. The one question in our minds is whether the sulphur 
had been altered with time. Though under the conditions of storage 
of the protein in dry form in a closed bottle the possibility of its 
changing its constitution is rather improbable, the work on it will 
be repeated nevertheless with freshly made samples of the phaseoling 
the beta globulin, in comparison with conphaseolin, the alpha 
globulin. The preparation of these samples is under way. 

As the study stands, however, analysis of the phaseolin by the 
Sullivan procedure, in marked contrast with the results with other 
methods, indicates little if any cystine in this protein. This finding, 
chemically speaking, explains why cystine had to be added to cooked 
phaseolin to make it a satisfactory protein for the growth and 
maintenance of the white rat. 
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